Summary. Laboratory seismic velocity measurements on rock samples from metamorphic terrains, coupled with geologic cross sections, provide the basis for synthetic seismic reflection profiles for various types of continental crust. Results from greenstone belts, mylonite zones and partial cross sections of continental crust indicate that lithologic heterogeneity and geometrical factors control crustal reflection characteristics.
Introduction
A fruitful approach to understanding causes of seismic reflections in crystalline crust consists of constructing realistic geologic models as a basis for generation of synthetic reflection seismograms (Wong et al. 1982) . Important ingredients in this exercise are appropriate models of different portions of the crust and velocity-density data for the constituent rock types. Fortunately, tectonic processes have exhumed various levels of the continental crust that serve as models. We measured compressional wave velocities (Vp) at high confining pressures in rock samples from exhumed terrains which include greenstone belts, mylonite zones in metamorphic core complexes and partial cross sections of the continental crust. We also investigated samples from exposures that project into reflection profiles allowing for more direct analysis of the causes of reflections. Here we summarize the seismic velocity data and the synthetic seismic profiles of these terrains.
Velocity data and reflection models
Greenstone belts and adjacent granite-tonalite gneiss terrains constitute a significant areal portion of the Precambrian shields and must be important upper crustal components in these regions. Generally, the belts consist of steeply dipping sequences of metasedimentary, metavolcanic and metagabbroic rocks surrounded by granitic to tonalitic rocks. Mylonite zones and isoclinal folds characterize the deformational style. We measured Vp of rocks from the South Pass greenstone belt in Wyoming (Gorham 1986 ) and the Michipicoten belt in Ontario (Fountain & Salisbury 1986) . Mean Vp (at 300 MPa) is 6.3-6.4 k d s for metagraywackes, 6.2-6.6 km/s for felsic metavolcanics and 7.1-7.2 km/s for metabasalts and metagabbros. Seismic anisotropy is high (up to 10%) in metagraywackes.
With these data, Gorham (1986) employed AIMS software to generate a synthetic reflection profile for the greenstone belt model of the Birch-Uchi belt, Ontario (Gupta et al. 1982) . Reflection coefficients within the belt and at its contacts are high. Seismic reflections generated from out of the plane or from segments of the base of the belt, are short, discontinuous events on the sections. Seismic noise may obscure these reflections. Seismic profiles recorded over greenstone belts in Minnesota (Gibbs et al. 1984) and South Pass (Balsam 1986 ) reveal a few short reflections, perhaps similar to those in the synthetic section.
Metamorphic core complexes in western US. allow investigation of the seismic nature of deep crustal fault zones. We measured V for mylonite samples from two of these P complexes, the Ruby-East Humboldt (REH) in Nevada (Snoke 1980) 
d s ) .
A 1-D model of the REH mylonite zone was made from the mapped lithologic sequence, dominated by quartzo-feldspathic rocks, with a constant thickness assigned to each unit to achieve optimum constructive interference. The synthetic (Fig. 1) shows that, relative to a single interface with a reflection coefficient of 0.10, modest reflections are generated, similar to those observed in the reflection profile over the mylonite zone (Valasek et al. 1986) . The model for the KD zone (Fig. 2) generates reflections that correlate with reflections in the field data (Hurich et al. 1986 ). These are associated with the lithologically heterogeneous zones within the mylonite, whereas the homogeneous quartzo-feldspathic band in the interior of the mylonite zone is seismically transparent. Our results demonstrate that, for the two complexes examined, lithologic heterogeneity of mylonite zones could be an important controlling factor in determining mylonitic zone reflectivity; other factors such as seismic anisotropy and high pore pressure (Jones & Nur 1982 Fountain et al. 1984) are not necessarily required to explain the reflection characteristics of deep fault zones.
Many crystalline terrains are recognized as partial cross sections of continental crust (Fountain & Salisbury 1981) . We determined Vp at high confining pressure for samples from two of these, the Ivrea-Verbano-Strona-Ceneri zone (IV) in northern Italy (Zingg 1982) and the Michipicoten-Wawa-Kapuskasing terrain (MWK) in Ontario (Percival & Card 1984) .
The IV zone is widely used as an example of continental crustal properties. Laboratory V data for the zone (Fountain 1976) formed the basis of a 1-D synthetic reflection profile ( I ! al e & Thompson 1982) for the granulite facies domain in the Val dOssola, which is regarded as the lower crustal portion of the crust-mantle transition. Reflection coefficients are large and synthetic reflections similar to deep crustal events were generated. A generalized 2-D crustal reflection model based on the entire section (Fountain 1986) shows complex lower crustal reflection patterns, and a nearly transparent upper and middle crust. The lower crust is reflective because: 1) the wide range of rock types (pelitic gneiss, garnet bearing mafic gneiss and ultramafic rocks) and the nature of seismic anisotropy combine to produce large impedance contrasts; and 2) rock units have near horizontal attitudes. The upper crust is relatively transparent because of the dominance of lithologies with similar seismic properties, even though rock types vary and structure is complex. P . . Fountain & Salisbury (1986) summarize Vp data for MWK zone. The MWK upper to middle crust, dominated by greenstone belts surrounded by granitic to tonalitic rocks, is relatively transparent because reflections are not generated in the greenstone belts and Vp contrasts within the granite-tonalite terrain are small with respect to contrasts within the lower crustal portion of the section. Thus, although significant lithological and structural variations are evident in the upper to middle crustal portion of the section, the zone is apparently seismically transparent. Seismic velocity variations in the lower part of the section are large because of the lithologic heterogeneity. Dominant rock types include mafic gneiss, paragneiss, tonalite gneiss, diorite gneiss and anorthosite. Reflection coefficients are high and rocks occur in relatively thin horizontal layers in their restored Archean orientation (Percival & Card, 1985) . A I-D reflection model (Fig. 3 ) reveals that major, complex reflections are generated relative to a single interface with a reflection coefficient to 0.15. These reflections are similar in character to those observed in deep crustal seismic profiles.
Conclusion
In conclusion, our data indicate: 1) upper to middle crustal levels can be seismically transparent in spite of lithologic heterogeneity and structural complexity; 2) mylonite zone reflectivity could depend on the degree of lithologic contrast in the zone; and 3) reflective lower crust can result from complex interlayering of mafic and ultramafic rocks with low Vp rocks, indicating that exotic explanations of lower crustal reflections may be important but are not necessary. These conclusions depend on the assumption that noise in seismic profiles does not conceal reflections.
